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We, W. R. Grace & Co., a Corporation 
organized and existing under the laws of the 
State of Connecticut, United States of America, 
of 7, Hanover Square, New York 5, New 
York, United States of America, do hereby 
declare the invention for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to the stretching of 
filled polyolefin compositions, and is an im- 
provement in or modification of the invention 
disclosed in our Specification No. 29386/63. 

The use of inorganic fillers as extenders 
and/or reinforcing agents for rubbers and some 
other resins is well established. Most attempts 
to use fillers in a similar manner to extend 
and/or reinforce the more crystalline poly- 
20 olefins, however, have met with failure, brittle 
products generally being obtained even with 
moderate filler concentrations. Previous 
attempts have been made to produce poly 
(ff/p/ztf-olefins) filler blends using conventional 
inert fillers alone, and although occasionally 
these blends are found to have greater tensile 
strength than the unfilled polymer, most of 
them are too brittle to be useful as general 
purpose resin-base compositions. On the whole, 
reported studies of poly (<zf/>/Ki-olefin)/filler 
blends indicate that satisfactory products are 
rarely obtained. Small amounts of some in- 
organic materials can be blended into poly 
(alpha-olefins) as pigments, but in amounts too 
small to serve other purposes. 

Fillers are now widely used as extenders for 
glass fibre reinforced resins. In most cases of 
this type, the filler does not impart any re- 
inforcement, but does have a favourable effect 
on cost, shrinkage, thermal effects, surface 
properties, and flow properties. However, 
apparently no other material is reinforced by 
fillers to the same extent as the natural or 
synthetic rubbers. 
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In Specification No. 29386/63 (Serial No. 
1,044,028) we have disclosed polyolefine com- 
positions which unexpectedly retain a substan- 
tial proportion of the flexibility, impact resist- 
ance and strength of the base polymers, said 
compositions comprising a three component 
system consisting of (i) a polyolefin of mole- 
cular weight sufficiently high to give it a 
standard load melt index of substantially zero 
(ii) an inert filler material, and (iii) plasticiser. 
We have also disclosed that the compositions 
can be processed by extrusion, injection mould- 
ing, vacuum forming, or calendering, and that 
cold pressing produces changes in properties 
that are desirable under some circumstances. 
A wide variety of articles such as films, sheets 
and other shaped articles can be produced from 
the blends, and the articles can be rendered 
porous if desired, by removing part or all of 
the filler, plasticiser or born by solvent extrac- 
tion, using either aqueous or organic solvents, 
depending on the particular fillers and 
plasticisers used. 

Such blends have a wide variety of uses and 
are particularly advantageous because of their 
relatively low cost Compositions having a high 
concentration of plasticiser are of particular 
interest because of the low cost of plasticiser 
and the increased workability it imparts to 
the blend. While high filler concentrations 
eliminate disadvantageous plasticiser exudation 
under normal conditions, for some uses of the 
material, particularly at elevated temperatures, 
the exudation of the plasticiser has been found 
to be too great. 

According to the present invention, a sheet 
(as hereinafter defined) or filament is formed 
from a homogeneous blend comprising 10 — 
80% by volume of a crystalline poly (alpha- 
olefin) having a standard load melt index, as 
specified in ASTMD 1238 — 52T, of substan- 
tially zero, the alpha-oXtfm having from 2—4 
carbon atoms, 5—60% by volume of inert 
particulate filler material, and 15—85!% by 
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volume of plastiriser which is defined as a presssure into the tube. The gas expands the 

material that lowers the melt viscosity, im- uncooled tube into a tubular film which then 

proves the flexibility of the final composition may be cooled by air currents or by cooled 

and aids the production of porous objects, at rollers. 

5 a temperature above the coalescing temperature The poly (alpka-olchn) component may 70 
of the blend, and the size of the sheet in at comprise one or more of the following crystal- 
least one direction parallel to hs surface is line polyolefins: high density polyethylene, 
increased, or the length of the filament is low density polyethylene, polypropylene, 
increased, by at least 5'%, preferably at least ethylenebutene copolymer, poly (burene-1), 

10 10%, by stretching. propylene-(butene-l) copolymer and ethylene- 75 

We have found that the rate of exudation of propylene copolymer, 

plasticiser from such blends is decreased Preferred water-insoluble fillers include 

thereby. kaolin, calcium silicate, calcium carbonate, 

The term "sheet" is employed herein to magnesium carbonate, magnesium oxide, 

15 denote not only thin films, tapes and substan- stannic oxide, mica, glass beads, glass flakes, 80 
dally uniplanar sheets, but also sheets which asbestos, carbon black, silica, aluminium poly- 
are in the form of a three-dimensional struc- silicate, montmorillonire, atrapulgite, talc, wood 
ture, i.e. curved sheets and also tubes which flock, and mixtures thereof. However, any 
can be regarded as sheets which are curved into finely divided material which retains its partJ- 

20 a cylindrical or other closed form. culate characteristics under the processing 85 

The sheets and filaments may be stretched conditions may be suitable and the following 

at temperatures either above or below the classes of compounds may be cited by way of 

softening temperature of the blend, tempera- example. 

tures below the softening temperature of the (a) Carbon blacks, coal dust, graphite, 
25 blends being desirable if increased strength is (b) Metal oxides and hydroxides, especially 90 
desired, and temperatures above the softening those of silicon, aluminium, calcium, mag- 
temperature if polymer crystal orientation is nesium, barium, titanium, iron, zinc, tin, 
to be avoided and if greater elongation is (c) Metal carbonates, especially those of 
desired. Filaments will normally be stretched calcium, magnesium, sodium and potassium, 
30 in boiling water or in saturated steam, e.g. (d) Metal silicates and aluminates; naturally 95 
above boiling water, at atmospheric pressure, occurring clays such as montmorillonire, kaolin, 
Extruded or calender produced sheets and attapulgite, asbestos, mica, muscovite, talc, 
extruded filaments may be formed from the venniculite; precipitated silicates, synthetic 
blends by conventional methods. The composi- and natural zeolites, portland cement, calcium 
35 tion is generally introduced into the processing silicate, aluminium polysilicate, alumina silica 100 
equipment in the form of pellets. The partial- gels, 

lar process temperatures and other conditions (e) Meals such as aluminium, lead, 

which provide the optimum results differ some- (fi Polymers such as nylon, and phenol 

what from blend to blend, but determination formaldehyde resins, 

40 of such factors is a matter of mere routine g) Wood flour, fibres and bark products, 105 

experiment. Such sheets and filaments may be rti) Glass particles such as microbeads, 

stretched in accordance with the invention by hollow microspheres, flake, fibre, 

any conventional methods. Typical methods (i) Miscellaneous materials such as molyb- 

and apparatus for stretching sheets are denum disulphide, zinc sulphide. 

45 described in United States Patent Nos. Preferred water-soluble fillers include 110 

2,995,779 and 3,078,504, for example. The sodium chloride, potassium chloride, calcium 

stretching can be obtained by moulding the chloride, sodium acetate, potassium acetate, 

sheet by matched mould forming, slip forming, calcium acetate, copper acetate, barium acetate, 

vacuum forming, or air blowing sheets of the sodium sulphate, potassium sulphate, sodium 

50 composition at temperatures below or above phosphate, potassium phosphate, sodium 115 

the coalescing temperature by conventional nitrate, potassium nitrate, 'sugar and mixtures 

techniques such as those shown and described thereof. 

in Chapter 8 of " Processing of Thermoplastic Preferred water-insoluble piasticisers include 

Materials" by Ernest C. Bernhardt (1959). petroleum oils, petroleum waxes, butyl stearate, 

55 The desired stretching may also be obtained dibutyi sebacate, dioctyl sebacate, ethylene- 120 

in the course of the formation of the " sheet," vinyl acetate copolymer, polyisobutylene, diiso- 

for example by forming a film from an decyl phthalate, dioctyl fumerate, asphalt, 

extruded tube by a method such as that polyester-glycol, octyl cpoxy tallate, chlorin- 

described in United States Patent No. ated biphenyl and mixtures thereof. The 

60 2,763,029 and Chapter 20 of " Polyethylene, following illustrative types of compounds are 125 

tie Technology and Uses of Ethylene Poly- also suitable : 

mers," edited by Renfrew and Morgan (1957). (a) Esters, e.g. sabacates, fumarates, 

This method generally involves the extrusion phthalates, stearates, adipates, citrates, etc.; 

of a continuous tube, as above described, and epoxy compounds; polyesters. 

65 the introduction of gas, normally air, under (b) Phosphate esters. 130 
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(c) Hydrocarbons-petroleum oils, waxes, 
resins, asphalt and these materials containing 
oxygen, nitrogen, and sulphur groups, blown 
asphalt; pure compounds such eicosane, low 

5 molecular weight polymers such as polyiso- 
butylene, polybutadiene, hydrocarbon resins, 
polystyrene and homolog copolymers of 
styrene, poly (dpha-mtrhyl styrene), atactic 
polypropylene, ethyienepropylene copolymer 

10 and other rubbers, emylene-vinyi acetate co- 
polymer, oxidized polyethylene, coumarone- 
indene resins, terpene resins, 

(d) Chlorinated hydrocarbons including oils 
and waxes. 

15 (e) Miscellaneous plasticisers — sulphon- 
amide, coumarone-indene, laurone, tall oil, 
drying oils such as linseed oiL 

Preferred water-soluble plasticisers include 
glycol, glycol ethers and esters, glycerin, 

20 glycerol monoacetate, di ethylene glycol, di- 
ethyl ene glycol ethers and esters, methylene 
glycol, polyethylene glycol (molecular weight 
of about 400—20,000), propylene glycol, diiso- 
propyiene glycol, polypropylene glycol (mole- 

25 cular weight of about 260—1200), trirnethylene 
glycol, tetramethylene glycol, 23-butyiene 
glycol, tri ethyl phosphate, polyvinyl alcohol, 
partially hydroHzed polyvinyl acetate, poly- 
acrylic acid, polyvinyl pyrrolidone and mix- 

30 tures thereof. 



The general considerations affecting the 
choice and use of the plasticisers and fillers 
are discussed in Specification No. 29386/63 
(Serial No. 1,044,028). It is particularly to be 
noted, however, that all combinations of water- 35 
soluble and water-insoluble fillers and plasti- 
cisers may be used and that pan or all of the 
filler, plastiser or both may be removed by 
solvent extraction from shaped articles formed 
from the blends to render the articles porous. 40 

It is also to be noted that up to 85j% by 
volume of the polyethylene, or other poly- 
olefin of melt index substantially zero may be 
replaced by polyethylene, for example, having 
a melt index of 0.1 or greater. 45 

A particularly suitable composition is a 
homogeneous blend of a poly (<z?pfcz-olefin) 
having a standard load melt index of sub- 
stantially zero containing 30 — 75 percent by 
volume of plasticiser and 10^-55 percent by 50 
volume of filler. 

Examples of extruded, stretched filaments 
in accordance with the invention are shown 
in Table I. 

The stretched filaments suffered greatly 55 
decreased plasticiser exudation with respect to 
the basic composition. 

A similar result is obtained with the other 
blends disclosed. 
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Table n shows the physical properties of the films by other forming lechnioues such as 

exmided, blown film obtained by the method vacuum forming at tempeWtures either below 

S « ^ 01 above ^ softening pomts of the composi- 

The films were observed to have a dry sur- tions. In both instances, a very marked decrease 



t w — w « ^ uuus. xu ootn lnsrances, a verv marked decrease 

^L^L com P osinoDS ^ ^ of Porous films obtained by extracting 4c 

surfaces after cooling. plasticiser from films formed by extruskm 

b^bSo^* * ° btam£d Wth ^ 0thei Sftafn.SrS If Tabfe ^ A similar 

10 Similar results are obtained by stretching ^<1&^£ M 



Table II 

Physical Properties of Extruded, Blown Film 



►ample 


Polymer 




Filler 


4 


Grex-4 


40 


HR 


5 


Grex-4 


40 


HR 
EFT 


6 


Grex-4 


40 


HR 


7 


Grex-4 


40 


HR 



% Tear Spencer 

. . Resistance Impact 

Plasttoser Density gm./miL psi 



30 SF412 30 1.418 14.8 0.250 

25 SF412 30 1.347 24.9 0.143 

30 SF412 30 1.190 20.15 0.209 

30 SF412 30 1.418 14.8 0.250 



Table n (cont.) 
Physical Properties of Extruded, Blown Film 



c i 7?°?^ Tensile Stress at Elongation Eloneation 

Sample Modulus Strength Yield Point at Ykid atFaff 

Na P 31 - P«- psL Point % % 



4 


127,000 


MDp) 1520 
PD(*) 1280 


MD 
PD 


1512 
1277 


50 


/V 

400 


5 


81,000 


MD 840 
PD 720 


MD 
PD 


638 
787 


12 


730 


6 


52,500 


MD 2840 


C 3 ) 




O 


264 


7 


127,700 


MD 1518 


MD 


1512 


MD 50 


400 



(*) — Machine direction on sheet. 
£) — Perpendicular to machine direction on sheet 
C) — No yield point observed. 
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Table in 

Composition^) 

Polymer, VoL °; Grcx-4 40 

Fwer, Vol. % HI21 30 

Plastiaser, Vol % SF412 30 

Tensile Modulus 

MD (Direction of Formation) 227,000 

PMD (Perpendicular to MD) 1 19,000 



Stress at Yield Point, psi. 

MD 
PMD 

Elongation at Yield Point 



PMD 

Elongation at Failure, % 

MD 
PMD 

Tensile Strength, psi. 

MD 
PMD 



1,640 
1,000 



M*L 112 

4.3 



180 
8.8 



1,610 
910 



Oxygen Permeability 

cc mil/atm. m 2 day 182.9 x 10 3 

Water Vapour Permeability 

g.mm./cm. Hg m 2 day 14 1 34 

O Subjeaed to solvent extraction using petroleum ether. 

H121 An alurninium silicate (kaolinite) sold by Georgia 
Kaolin Co. under the name Hydrite 121 and of average 
particle size 1 .5 microns. 



WHAT WE CLAIM IS : — 
1. A method of obtaining sheets (as herein- 
before defined) and filaments, which comprises 
5 forming a homogeneous blend comprising 
10 — 80i% by volume of a crystalline poly 
(fl/p/w-olefin) having a standard load melt 
index of substantially zero, the alpha- 
olefin having from 2 :o 4 carbon atoms, 
10 5—60% by volume of inert paniculate filler 
material, and 15— 85% by volume of plasti- 
ciser, as hereinbefore defined, into a sheet or 
filament at a temperature above die coalescing 
temperature, and increasing the size of the 
15 sheet in at least one direction parallel to its 



surface, or increasing the length of the filament, 
by at least 5:% by stretching. 

2. A method according to claim 1, wherein 
tlie size of the sheet in at least one direction 
parallel to its surface, or the length of the 20 
filament, is increased by at least 1Q%. 

3. A method according to claim 1 or 2, 
wherein the sheet or filament is stretched at 
a temperature above the softening temperature 

of the blend. 25 

4. A method according to claim 1 or 2, 
wherein the sheet or filament is cooled to a 
temperature below the softening temperature 
of the blend prior to stretching. 
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5. A method according to claim 1 or 2, 
wherein the filament is stretched in hot water. 

6. A method according to claim 1 or 2, 
wherein the filament is stretched in saturated 

5 steam. 

7. A method according to any one of claims 
1 — 4, wherein the sheet is stretched by vacuum 
forming, matched mould forming, slip forming 
or air blowing. 

10 8. A method according to any one of rJaimc 
1 — 4, wherein the blend is extruded in the 
form of a tube at a temperature above the 
coalescing temperature, and the tube is ex- 
panded into a stretched tubular sheet by nwa^ g 

15 of gas introduced into the tube under pressure. 

9. A method according to claim 8, wherein 
the gas is air. 

10. A method according to any one of the 
preceding claims, wherein the poly {alpha- 

20 olefin) component comprises one or more of 
the following crystalline polyolefins: high 
density polyethylene, low density polyethylene, 
polypropylene and ethylene-butene copolymer. 

11. A method according to any one of the 
25 preceding claims, wherein the blend contains 

one or more of the following water-insoluble 
fillers : kaolin, calcium silcate, calcium carbon- 
ate, magnesium carbonate, magnesium oxide, 
stannic oxide, mica, glass beads, glass flakes, 
30 asbestos, carbon black, silica, al uminium poly- 
silicate, montmorillonite, attapulgite, talc and 
wood flock. 

12. A method according to any one of the 
preceding claims, wherein the blend contains 

35 one or more of the following water-soluble 
fillers: sodium chloride, potassium chloride, 
calcium chloride, sodium acetate, potassium 
acetate, calcium acetate, copper acetate, barium 
acetate, sodium sulphate, potassium sulphate, 

40 sodium phosphate, potassium phosphate, 
sodium nitrate, potassium nitrate and sugar. 

13. A method according to any one of the 
preceding claims, wherein the blend contains 
one or more of the following water-insoluble 

45 plasticisers: petroleum oils, petroleum waxes, 
butyl stearate, diburyl sebacate, dioctyl 



sebacate, ethyiene-vinyl acetate copolymer, 
polyisobutylene, diisodecyl phthalate, dioctyl 
rumarate, asphalt, polyester-giycol, octyl epoxy 
tallate and chlorinated biphenyl. 50 

14. A method according to any one of the 
preceding claims, wherein the Wend contains 
one or more of the following water-soluble 
plasticisers: glycol, a glycol ether or ester, 
glycerin, glycerol monoacetate, diethyiene 55 
glycol, a diethyiene glycol ether or ester, tri- 
ethylene glycol, polyethylene glycol (molecular 
weight of about 400—20,000), propylene glycol 
diisopropyiene glycol, polypropylene glycol 
(molecular weight of about 260—1200), tri- 60 
methylene glycol, tetramethyiene glycol, 2,3,- 
bmylene glycol, triethyi phosphate, polyvinyl 
alcohol, partially hydrolized polyvinyl acetate, 
polyacrylic acid and polyvinyl pyrrolidone. 

15. A method according to any one of the 65 
preceding claims, wherein the homogeneous 

blend of the poly (alpha-olefm) contains 30 

75-% by volume of plasticser and 10—55 
percent by volume of filler. 

16. A method according to any one of the 70 
preceding claims, wherein the poly (aJpha- 
olefin) is polyethylene. 

17. A method according to Haim 
wherein the polyolefin component of the blend 
comprises 0 to 85% by volume of polyethylene 75 
of melt index of 0.1 or greater and 15 to 
100% by volume of polyethylene of substanti- 
ally zero standard load melt index. 

18. A method according to any one of the 
preceding claims, wherein part or all of the 80 
filler or plasticiser or both is removed from 

the stretched filament or sheet by solvent 
extraction. 

19. A method according to claim 1, sub- 
stantially as hereinbefore described. 85 

20. Sheets and filaments obtained by a 
method claimed in any one of claims 1 19. 

J. A. REMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, London, W.Cl. 
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